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Conclusion: We have clinically demonstrated the practicality 
of real-time, real-anatomy tracking and have shown that 
clinical parameters can be selected which allow efficient 
treatment delivery. This work will be used as a foundation 
for evaluating options for treatment volume reduction.  
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Purpose or Objective: In current radiotherapy for hilar or 
mediastinal lymph node metastases large treatment margins 
are used. Online MRI guidance will offer direct visualization 
of the lymph nodes, allowing highly conformal treatments 
using gating or tracking techniques. However, both 
respiratory and cardiac induced motion are expected to 
cause significant displacements. In this study we have 
assessed the relative contributions of the heart and 
respiration to the motion of hilar lymph nodes in order to 
find the optimal motion compensation strategy on the MR-
Linac. 
 
Material and Methods: Five healthy subjects were imaged 
during free-breathing using cine-MRI on a 1.5T MRI scanner. 
Sagittal and coronal scans, positioned through the center of 
the hilar lymph nodes, were acquired interleaved using a 
balanced Steady-State Free-Precession (bSSFP) sequence, 
providing T2/T1 contrast; Tacq = 1:08 min, TE/TR = 
1.92/0.96 ms, 1.38 x 1.38 mm2, 7 mm slices, at a rate of 4 
frames/sec. The motion in the region of the hilar lymph 
nodes was estimated using an optical flow algorithm [1]. As 
the cardiac induced motion manifests as a modulation of the 
respiratory motion waveform, power spectra were calculated 
to assess the relative contribution of each source of motion. 
The respiratory-to-cardiac power ratios were determined 
from the power spectrum by dividing the respiratory peak by 
the cardiac peak. 
 
Results: Typical results of optical flow analysis on sagittal 
and coronal slices in Figs. 1A-B. Cardiac motion is shown to 
have significant contributions in left-right (LR) and anterior-
posterior (AP) directions as shown by the power spectra (Fig. 
1C). The mean lymph node displacements and respiratory-to-
cardiac power ratios are listed in Table 1. The mean 
displacement was largest in CC direction. The respiratory-to-
cardiac power ratio was largest in CC direction, while in LR 
direction the lowest values are observed. This implies that 
cardiac induced motion contributes most in LR direction, 
whereas respiratory induced motion dominates most in CC 
direction. 
 
Conclusion: These preliminary results in five volunteers 
showed that cardiac motion has a significant contribution on 
the motion of hilar structures. This indicates that the cardiac 
component cannot be ignored when implementing motion 
compensation strategies. Soon, this study will start with the 
inclusion of lung cancer patients with lymph nodes 
metastases. The power spectra will be used to separate the 
cardiac from the respiratory signal to determine the exact 
cardiac induced displacement. 
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Purpose or Objective: Couch and MLC tracking are promising 
methods for real-time motion compensation for moving 
targets during radiation therapy. Couch and MLC tracking 
experiments have mainly been performed by different 
research groups, and no direct comparison of couch and MLC 
tracking of VMAT plans has been published. Varian TrueBeam 
2.0 includes a prototype tracking system with selectable 
couch or MLC compensation. This study provides a direct 
comparison of the two tracking types with an otherwise 
identical setup. 
 
Material and Methods: Several experiments were performed 
to characterize the geometric and dosimetric performance of 
electromagnetic guided couch and MLC tracking on a 
TrueBeam linear accelerator. The tracking system latency 
was determined without motion prediction as the time lag 
between sinusoidal target motion and the compensating 
motion of the couch or MLC as recorded by continuous MV 
portal imaging. The geometric and dosimetric tracking 
accuracy was measured in tracking experiments with motion 
phantoms that reproduced four prostate and four lung tumor 
trajectories. A Kalman filter was used for prediction in these 
experiments. The geometric tracking error in beam’s eye 
view was determined as the distance between an embedded 
gold marker embedded and the circular MLC aperture in 
continuous MV images. The dosimetric tracking error was 
quantified as the Delta4-measured 2%/2mm gamma failure 
rate of a low and a high modulation VMAT plan delivered with 
the eight motion trajectories and using the static dose 
distribution as reference. 
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Results: The mean MLC tracking latency was consistently 
around 146ms while the couch tracking latency increased 
from 187ms to 246ms with decreasing sinusoidal period 
length due to limitations in the couch acceleration. The 
mean root-mean-square geometric error was 1.26mm (couch 
tracking) and 0.67mm (MLC tracking) parallel to the MLC 
leaves and 0.84mm (couch) and 1.74mm (MLC) perpendicular 
to the leaves. The motion-induced mean gamma failure rate 
was in mean 30.4% (no tracking), 0.1% (couch tracking), and 
8.1% (MLC tracking) for prostate motion and 41.2% (no 
tracking), 2.9% (couch), and 2.4% (MLC) for lung tumor 
motion. The dose errors with tracking were largest for high 
modulation VMAT (see figure). The errors were mainly caused 
by fast lung tumor motion for couch tracking and by 
inadequate leaf fitting to prostate motion perpendicular to 
the MLC leaves for MLC tracking. 
 
 
 
Conclusion: Both MLC and couch tracking markedly improved 
the geometric and dosimetric treatment accuracy. However, 
the two tracking types have different strengths and 
weaknesses. While couch tracking can correct perfectly for 
slowly moving targets such as prostate, MLC tracking has 
limitations when adapting to motion perpendicular to the 
MLC leaves. Advantages of MLC tracking include faster 
dynamics with better adaptation to fast moving targets, the 
avoidance of moving the patient, and the potential to track 
target rotations and deformations. 
 
Poster: Physics track: Inter-fraction motion management 
(excl. adaptive radiotherapy)  
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Purpose or Objective: To retrospectively evaluate setup 
errors in craniospinal irradiation (CSI) with volumetric-
modulated-arc-therapy (VMAT) for paediatric patients using 
daily cone-beam-computed-tomography (CBCT), and assess 
adequate planning-target-volume (PTV) margins. 
 
Material and Methods: Ten paediatric patients with median 
age 10 years (range 3-14 years) undergoing CSI by VMAT were 
included in this study. All patients were immobilized by five-
point thermoplastic mask with shoulder fixation and Vac-Lock 
cushions and treated in supine position, using 6 MV photons 
and 2 longitudinally aligned isocenters. Radiation beams were 
covering the brain and upper spine, and the lower spine 
respectively. The dose distribution at their virtual junction 
was optimized by inverse planning. Three patients (age ≤ 6 
years) received general anesthesia and 1 patient was sedated 
during positioning and treatment procedures. Daily kV CBCTs 
were acquired before treatment for both the upper and lower 
segments of craniospinal axis. CBCT scans were registered to 
the planning CT using bony anatomy and setup shifts were 
determined. Inter-fraction shifts were retrospectively 
evaluated as systematic (Σ) and random (σ) errors in the 
antero-posterior (AP), lateral (LR), cranio-caudal (CC) and 
directions. PTV margins were calculated for a minimum CTV 
dose of 95% for 90% of patients. Setup errors of upper and 
lower craniospinal axis were compared by a 2-tailed t-test 
and a p value <0.5 was considered significant. 
 
Results: A total of 376 CBCT image registrations were 
assessed. 
Table 1. Summary of setup errors for upper and lower 
segments of craniospinal axis for all patients. 
 
 
 
The largest setup error occurred in the CC and LR direction, 
for the upper and lower segment of craniospinal axis, 
respectively. Statistical significant difference was found 
between upper and lower segment of craniospinal axis in CC 
(p=0.032) and LR (p=0.009) directions, due to different 
immobilization devices.  
Fig. 1. Distribution of setup errors in all directions, for upper 
and lower segment of craniospinal axis. 
 
 
 
Conclusion: For paediatric patients undergoing CSI by VMAT, 
the main setup variation occurs in the CC and LR direction, 
for the upper and lower segment of craniospinal axis, 
respectively. Despite of specific immobilization methods, 
large PTV margins are required to reduce the setup 
